Effects of naphthalene quinonoids on the induction of oxidative DNA damage and cytotoxicity in calf thymus DNA and in human cultured cells.
The purpose of this study was to examine the differences in the induction of DNA damage and cytotoxic effects by quinonoid derivatives of naphthalene in calf thymus DNA (ct-DNA) and in human T47D breast cancer cells. Results indicated that copper(II) and NADPH were essential for causing oxidant-mediated aldehydic DNA lesions (ADLs), including abasic sites and aldehydic base/sugar lesions, in ct-DNA exposed to 1,2-naphthalenediol (NCAT), 1,4-naphthalenediol (NHQ), 1,2-naphthoquinone (1,2-NQ), and 1,4-naphthoquinone (1,4-NQ). The ADLs induced by naphthalene quinonoids in ct-DNA decrease in the rank order NCAT congruent with 1,2-NQ > NHQ >> 1,4-NQ. Results from the analyses in cells indicated that after 1.5-5 h of exposure all naphthalene quinonoids induced a cytotoxic response in T47D cells at concentrations 10-100 microM or above, where NHQ and 1,4-NQ were approximately 5-10 times more efficient than NCAT and 1,2-NQ in the induction of cell death. In addition, NHQ, 1,2-NQ, and 1,4-NQ were not able to produce measurable levels of ADLs in cells at concentrations up to 1.25 mM, whereas NCAT (0.75-1.25 mM) induced a significant increase in the number of ADLs in T47D cells after 1.5 h of exposure when compared to control. The specific type of ADLs induced by NCAT is resistant to cellular excision repair pathway. Results from the measurements of reactive oxygen species (ROS) indicated that all naphthalene quinonoids induced increases in ROS formation in T47D cells. The induction of ROS formation in cells by naphthalene quinonoids decreases in the rank order 1,4-NQ congruent with 1,2-NQ > NHQ > NCAT. Overall, results from our investigation suggest that naphthalene quinonoids cause cell death at concentrations well below the concentrations at which they induce the formation of ADLs, perhaps by altering intracellular redox status.